INTRODUCTION
The incidence of surgical treatment of infective endocarditis (IE) has markedly increased, and the rate of surgical treatment for multiple valve involvement is approximately 70% [1] . Multiple valve IE often has more severe hemodynamic deterioration and extensive tissue destruction, and may need more complex surgical therapy [2] .
Many authors have reported on the surgical outcomes of multiple valve IE [3] [4] [5] [6] [7] [8] [9] [10] [11] . In their studies, however, prosthetic valve endocarditis was included with native valve endocarditis.
Prosthetic valve endocarditis differs from native valve endocarditis in that it has a more difficult diagnosis and surgical strategy, and worse prognosis [12] . Only a few studies have
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− 257 − Of 32 in the single valve group, of 17 in the multiple valve group. b) Of 55 in the single valve group, of 22 in the multiple valve group. specifically focused on surgical therapy for multiple native valve IE [4, 10, 11] . We reviewed the surgical outcomes of native valve IE, and compared single valve surgery with multiple valve surgery during the past 15 years in Sejong General Hospital.
MATERIALS AND METHODS

1) Preoperative patient characteristics
Our study included patients who were operated on from 1997 to 2011 in Sejong General Hospital. Ninety patients underwent valve surgery due to native valve IE with concomitant procedures. The preoperative variables are depicted in Table 1 , comparing the single valve IE group (the single valve group, n=67) with the multiple valve IE group (the multiple valve group, n=23). Seventeen patients had underlying congenital heart disease (CHD), including ventricular septal defect (VSD), atrial septal defect (ASD), patent foramen ovale (PFO), and patent ductus arteriosus (PDA), excluding congenital biscupid aortic valve. Blood culture results were available in 77 patients (85.6%; 55 in the single valve group, 22 in the multiple valve group) due to the loss of several old laboratory results during the setup of electronic medical records in our center. Forty-nine patients were determined to be culture-positive, and 28 culture-negative. The most common microorganism was Streptococcus viridans. In this study, 13 patients (14.4%) of a total of 90 patients had no report of culture results, but they met the clinical or pathologic criteria of the modified Duke criteria [13] . Three patients (3.3%) of the total of 90 patients had multiple microorganisms. Preoperative complete atrioventricular block was found in 2 patients, both in the multiple valve group. There were no statistically significant differences in preoperative patient characteristics between the single valve group and multiple valve group. The study was reviewed and approved by the institutional review board of Sejong General Hospital.
Individual patient consent was waived.
2) Definition
The diagnosis of IE was made according to the modified Duke criteria [13] . We excluded suspected IE evidence such as vegetation-like materials, perforation, or other intraoperative findings without any medical evidence. Intracardiac device-related IE such as with a transvenous permanent pacemaker was also ruled out in all of the cases. 
3) Indication of surgery
The surgical indications were one or more of the following factors as described in Table 2 : heart failure in 40 patients 
4) Surgery
The most common procedure was mitral valve replacement Table 3 .
5) Follow-up
Clinical follow-up data were collected from the database and retrospective review of medical records. Follow-up in- The definition of complications followed the "Guidelines for reporting morbidity and mortality after cardiac valvular operations" [14] . Operative mortality was defined as death occurring during hospitalization or within 30 days of the operation. Follow-up duration for the overall survival was measured from the date of the surgery to the date of death, or of last contact alive, and for the event-free survival, from the date of the surgery to the date of the first event or last contact alive.
6) Statistical analysis
Descriptive statistics were presented as the mean±standard deviation for continuous variables, and number and percentage for categorical variables. The differences between continuous variables were tested using the Student's t-test. The differences between categorical variables were tested using 
RESULTS
1) Operative outcomes
The operative mortality was 4.4% (4 patients) in the total cohort (n=90). They were all in the single valve group (6.0%, of 67). The causes of early death were heart failure (n=1), renal failure (n=1), intracranial hemorrhage (n=1), and sepsis In multivariable logistic regression analysis (p＜0.05). 
2) Long-term mortality
There have been four late deaths (4.7%, of 86 hospital survivors) during the follow-up period; three in the single valve group and one in the multiple valve group (Table 5 ). There were two valve-related and two non-valve-related deaths. The causes of the valve-related deaths were unknown (n=2, both in the single valve group). There were two non-valve-related deaths, from malignancy (n=1, in the multiple valve group) and pneumonia (n=1, in the single valve group).
The actuarial rates of the overall survival at 1, 5, and 10 years were 98.4%±1.6%, 95.0%±2.8%, and 95.0%±2.8% in the single valve group, and 100%±0.0%, 100%±0.0%, and 93.3%±6.4% in the multiple valve group, respectively (p=0.913) (Fig. 1) . In the total population, the risk factors of late death of hospital survivors were DM (OR, 225.525; p=0.038) and left ventricular ejection fraction (OR, 0.757; p=0.042) from the multivariable logistic regression analysis.
Multiple valve surgery for multiple infected lesions was not a significant predictor of late mortality in univariable logistic regression analysis (OR, 0.909; p=0.936).
3) Long-term morbidity
In the total population, multivariable logistic regression analysis identified the following factors to be independent predictors of valve-related morbidity: uncontrolled infection (OR, 6.057; p=0.013), urgent or emergency operation (OR, 5.189; p=0.032), and postoperative complications (OR, 4.249; p=0.035) ( Table 6 ). Multiple valve surgery was not a significant predictor of valve-related morbidity (OR, 5.456; p=0.072).
Tae Sik Kim, et al Single valve group in multivariable logistic regression analysis (p＜0.05), multiple valve group in univariable logistic regression analysis (p＜0.25). The actuarial valve-related event-free survival rates at 1, 2, and 5 years were 91.8%±3.5%, 86.4%±4.5%, and 74.2%±6.4% in the single valve group, and 95.2%±4.6%, 95.2%±4.6%, and 88.4%±7.8% in the multiple valve group, respectively (p=0.204) (Fig. 2 ).
There were no significant differences in the valve-related morbidity between the two groups ( Table   7 ). In the multiple valve group, univariable logistic regression analysis identified atrial fibrillation (OR, 20; p=0.0862) and abscess (OR, 9.5; p=0.1588) as significant risk factors for valve-related morbidity (Table 7) . In multivariable analysis, no predictors could be identified.
DISCUSSION
This study demonstrated no difference in late valve-related morbidity between single valve surgery and multiple valve surgery for native valve IE over a long-term period (p=0.216) (Table 5 ). In addition, significant risk factors of valve-related morbidity in our total cohort did not include multiple valve surgery (p=0.072) after multivariable logistic regression analysis (Table 6 ). Long-term outcomes in multivalvular surgery for IE were reported to have relatively satisfactory morbidity [3, 4] . In these studies, however, meaningful comparison with single valve surgery was not conducted. Recently, Ota et al. of double valve surgery [9] . However, that study included a portion of cases of prosthetic valve endocarditis (36%). Other studies were not able to determine any risk factors for valverelated morbidity in native double-valve IE [4] . Difficulty in assessing the predictors of late morbidity in multiple valve surgery for native valve IE seems to be associated with the relatively small population and complex disease entity of multiple valve IE.
There were four operative deaths (4.4%) in our cohort (n=90). By chance, the single valve group contained all of them. The risk factors of operative and late mortality in the total population were estimated using a logistic regression analysis. Similar to the risk factor determination of valve-related morbidity, multiple valve surgery as a variable of statistical analysis was not a significant independent predictor associated with operative mortality after univariable logistic regression analysis in the total population (p=0.225) ( Table 4) .
Multiple valve involvement of IE was not an independent prognostic factor of in-hospital mortality in a large cohort of patients hospitalized for IE [15] . In a surgical experience, multivalve endocarditis was not an independent predictor of early mortality, but postoperative dialysis was the only significant risk factor associated with the in-hospital mortality [11] .
In our study, multiple valve surgery for multiple infected lesions was not a significant predictor of late mortality in univariable logistic regression analysis (OR, 0.909; CI, 0.090 to 9.207; p=0.936). Similarly, Ota et al. [11] identified in their recent experience that multivalve endocarditis was not an independent predictor of late mortality.
In our cohort, the preoperative clinical data of patients in the multiple valve group did not significantly differ from those in the single valve group (Table 1 ). In addition, preoperative heart failure, uncontrolled infection, abscess, and embolic event among the surgical indications in our study did not differ between the two groups, which is similar to the reports of others [1, 2, 16] . In these other reports, however, patients with multivalvular IE presented a higher frequency of heart failure than those with single valve IE.
Streptococcus viridans was the most common microorganism of the multiple valve group (70.6%) in our population, which was consistent with the previous reports of surgical experience [5, 10, 11] . Surprisingly, the most common etiologic microorganism was Staphyloccocus aureus in the other report of surgical experience of multiple valve IE [9] .
The clinical features and therapeutic options of right-sided IE may differ from those of left-sided IE [7] . In this study, however, the right heart involvement and bilateral heart involvement as a risk factor were not significant predictors of mortality and morbidity in univariable logistic regression analysis.
In general, surgical valve procedures depend on the extent of tissue destruction in patients with multivalvular pathology.
Where infection is limited to the valve leaflets, a repair technique can be performed. Where infection extends to or beyond the annulus, radical debridement of all infected tissue and any reconstruction with valve replacement forms the cornerstone of surgical management [9] . There was a tendency toward a higher rate of valve replacement in the multiple valve group than that of the single valve group (p=0.086).
However, perivalvular extension of IE did not differ between the two groups (28.4% in the single valve group, 39.1% in the multiple valve group; p=0.434). Because the exact conditions of the valve leaflets could not be examined in our study, we did not find any reason for this tendency.
Our study has some limitations that are inherent to a retrospective review. Observational data do not provide causal evidence. The valve-related morbidity cannot be accurately estimated in this series because three patients (3.5%) of 86 hospital survivors were lost to follow-up as of the date of last inquiry. The estimation of the odds ratio, with regard to valve-related morbidity (n=2) in the multiple valve group, could not be possible in multivariable logistic regression analysis due to the low number of events.
Among the most noticeable points, we noted that multiple valve surgery of native valve IE was not an independent predictor of operative mortality or death from all causes or from late valve-related morbidity. After the perioperative period, 
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